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nResistant Coatings
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COATING DEVELOPMENT

Fhe investigation of the oxidation behavior 0 1200 F a 2000F

u~d tensile properties of hafnium-base alloys coa- so a 140 F 0 220

ta-ning tantalum plus other minor additions has con- V 1800 F V 2700

tiucd at IIT Research Institute.(! ) The intended x Spoled

us for such alloys lies in structural components 0
or claddings for other refractory metals. Cyclic 60 /

oxidation tests were conducted on the three most E

oxidation-resistant alloys developed in previous
O rograms.. Weight-gain curves for all three alley 40

Svariations were similar; they were linear from
S1200 to 1800 F and parabolic from 2000 to 2700 F.

rytpical results are presented in Figure 1. Scale-

frowth behavior of the three alloys was also simi-

* lar, as indicated in Figure 2. The change from

n linear to parabolic oxidation was the result of
nrocbnitatlion of the alpha hafnium phase from the 0 --- _ _ _ _ _ _

beta ntrix caused by oxygen, followed by preferen- 20 40 6o so 10

tial oxidation of the alpha-rich areas. The re- Time, hours

.;ultxng subscale provided a buffer to stresses
caused by expansion mismatch of the surface oxide FIGURE 1. 'EIGHtT GAIN OF HOT-ROLLED Hlf-24.STa-l.2Cr-

and sui.strate. Since the length of thermal cycle 0.66B-O.12AI A.LOY IN STATIC AIR(
1 )

used (2 and I2 hours) gave essentially the same
results, oxidation life apparently was not affected
by cycling through the temperature range of linear 2 - w 20 r

oxidation. Preoxidation for 10 to 20 hours at 0 I00 h

2:;00 F permitted exposure of the alloys, generally
up to 100 hours at 1200 to 1800 F, with almost no h2 Hf-245T-I2Cr-Q66B-012A
measurable weight gain. The solidus of the three 0 0 100 hr I

a!loys ranged between 3000 and 3100. F compared with A 20 hr

3900 F for the Hlf-25Ta binary alloy. f a 100 hr Hf-235To-I.8Cr-I'ISi

Extrapolation of lIT Research Institute test 15

results indicated that an expected life for a 20- 100 hours
mil-thick cladding would be about 1000, 300, and .

100 hours at 2200, 2300, and 2700 F, respectively. IO
A composite consisting of Ta-ION clad with 20 mils
of" If-Z4.STa-I.2Cr-0.66B-0.12AI survived 300 hours
at 2500 F. The projected life thus was essentially
realized in the composite, although visible cracks
were present in a welded-seam closure of the clad-
ding after 210 hours of exposure.

According to a British investigation, boron- 2 24! 2 0 2

modified silicide coatings were more protective on 
2200 _300 2400 2500 260o 270

..- XO,STi alloy than the unmodified silicide, Temperotura, F

particularly under cyclic conditions.
(2  Silicon FIG'JRF. 2. TOTAL SCALE TIICKNESS DEVELOPED ON IIA:NIU.-

and boron were deposited on alloy specimens, re- S IR EXPOSURES AT

spectively, from gaseous SiC' 2 and BF. The weight 2200 TO 2700 FU)

of boron deposited was nominally 10 percent of the

silicon deposited. Isothermal air-oxidation re-
sistance of the unmodified silicide 2 ails thick was 30 to 150 cycles. In comparison, the isotherm:i

was nominally 700 hours at 2190 F. The resistance life of the boron-modified silicide was four times

in 20-minute cycles from room temperature to 2190 F longer and the cyclic life was 50 times greater. On
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the basis of cyclic oxidation and pest oxidation'
tests in a simulated engine-exhaust environment.
the modified coating had a lower life at 2010 F
maximum temperature than at 2190 F. Specimens that
failed in 2010 F tests showed that oxidation oc- 0 1.0-hour eydos
curred through microcracks and pinholes in the cost- A 15-haur Cycles

0 aOI-hoswcytjssing. Specimens in 2190 F tests failed by diffusion so - 0 .Dd o fall
consumption, resulting from the formation of the
less oxidation-resistant MoSi3 phase. On the basis
of mtallography, electron probe, and X-ray analy- U0
sis, the beneficial effect of boron appears asso- 10l.ccs
ciated with the formation at 2190 F of a thermally
stable cristobalite phase containing small amounts
of boron and molybdenum. Miniature Charpy impact
tests indicated that coated umnotched specimens

exhibiting brittle behavior up to 390 F. 05O cYSIS 0

toroe otcaheica2 s 1ci 7n by0

tio sceenngtests on Su-3l alloy (a-17W-3.5ff-
0. 2C), anumerof coatings have been selected for
frhrevaluation. For example. Si-Fe-Cr fused- 1
siiiecotnscontaining 20 to 25 percent iron 0

and 0 t 25percent chromium have given satisfac-
tor prtecionfor 500 hours at 2000 F and over

20hua2200 F in static air. Ballistic in- _____________________

pact damage on all candidate coatings prior to oxi- ggg amg am am am 3011)
dation exposure for 10 hours at 2000 or 2200 F re-
sulted in a locally contaminated substrate zone.

HARDWARE EVALUATION

An investigation of the feasibility of Sn- FIGUIRE 3. EFFECT OF TEMPERATURE AND CYCLIC EXPOSURE
Al-Mo-coated Ta-lOW alloy heat snields ns beenONCAIGLFOFS-7AI69io
conducted at NASA/Langley. (4) No significant dif- ONCATING LIFE OF~qL Sn-27.SA14.9Ne
ference in cyclic oxidation life in static air at ATDT-O UtEL

4 SAIC IR)
2000 to 2900 F was found between small coupons coat-
ed with Sn-27A1-5.SMo or Sn-27.SAl-6.91io. Accord-
ing to information presented in Figure 3, reduced Assemblies joined by resistance spot welds, hell-
cating life was found in the shorter cyclic expo- arc spot welds.* or rivets vere tested, med general

sures. failure occurred in 9, 11, med 12 cycles totalling
2.7, 3.3, and 3.6 hors. respectively. These time

The life of both coatings as determined periods were about one-half of those predicted from
from 0.1-hour exposures in static air (see lower small-coupon data, caused probably by nonuiformities
curve in Figure 3) was reduced by a factor of 4 to ~ caig uinbtenitrokn hed

norall 05 hur ndr sbsoicairstream codi- was not in evidence. Premature coating failures at
tinoras . hour si egsnifiatwstecatsrpi al the heat-shield plugs and access holes occurred at

ure of loading'edge specimens from substrate igi design and/o faricdtat chanmetos toul en e d i
tion shortly after the first evidence of coating tein shear loadigton th oa tg. cefrc

Ffailure at and above 2600 F. Normally, autoignition toa ha odn ntecaig
of tantalum and its alloys does not occur at temper- Pratt 4 Uiitney has started a programs to

strsbelow about 3000 F. One consideretion Is that eaut otdcl~t lo' o s narrf

eit~~y or coating compounds ps's,- engine burner-can-liner epiaios 5

threbypritn uogi.o tlwrtmea cracking, buckling. med burning. The correspondingtur".material properties were oxidation erosion. thermal

Both the coating and oxidation exposur fatigue, creep, mad melting. Four coated columium-
coned reductions in substrate ductility. For ex- alloy sstem were selected from preliminary screen-
amle, the elongation of 8-nil-thick Ta-lOW alloy iag. The substrates to be evaluated include P5-85,
sheet was redued from 20 to 10 percent by the coat- S-66, mid C-129Y columim; the coating cadidates
Ing and to 1 percent after S howrs of exposure in iInclude Sylvania's 11512A (Si-2OCr-STi) end 35123
satic air at 2600 P. Ductility reduction was less (Si-2OCr-20Fe).

mevere In 25-il-thick sheet. NFVNCU~

Corrugated Sn-Al-Mlo-coated Ta-100 heat- (1) Hil11, V. L., * "Dvelopment of Ozidetioaa-Nmistant
shield asslies were prepared aed could ccosm- Kol Alloys", final Ump.r 1lTRIWOS-4,
date lare townsmr differences beweeln shield I? Assearch Institute, Ch~icago, tll., Contmact
aed moierlying stroeture with me loss of stuctuaral NOI-6-C-0362 (Septebr 136).
interty. No coating dmge was found alowg eyer-
lsI Pr u'faesm d #da on nested, curved shild

s ui w cyclic 0eapo.si& to 2M risstatcir'.



(2) Hayman, C., ind Restall, J. E., "Improved Sili- (4) Wichorek, G. R., and Stein, B. A., "Experimen-
cide Coatings for the Protection of Molybdenum- tal Investigation of Aluminide-Coated Ta-IOW
0.5% Titanium Alloy". J. of the Less-Common for Heat-Shield Applications", Report NASA TN
Metals, 19 (1), 9-21 (September 1969). D-SS24, NASA, Langley Research Center, Hampton,

Va. (November 1969).
(3) Prel.minary information from Sylvania Electric

Prr.ducts, Inc., Hicksville, N.Y., on U.S. Air (5) Preliminary information from Pratt G Whitney
Force Contract F33615-69-C-1613. Aircraft Division, United Aircraft Corporation,

East Hartford, Conn., on U.S. Air Force C'n-

tract F33615-69-C-1634.
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